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(57) ABSTRACT
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template, and matching two tables can be challenging. For
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1005 Select a pixel of an image of a form
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¥

1045 Generate a thin feature image of the
form

FIG. 10



U.S. Patent Sep. 17,2019 Sheet 16 of 22 US 10,417,489 B2

1105 Identify sub-blocks of a thin feature
image of a form

X

1110 Determine a rotation of grid lines of a
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Y
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1130 Apply the second transformation to the
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No 1135 Has each sub-block been>
< processed?

Yes
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FIG. 11
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1208 identify a range of scales over which to
scale a first image
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value that oplimizes a cross-correlation of the
first image and the second image
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1305 Identify sub-blocks of a first image that is
aligned with a second image
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310 Select a sub-block of the first image and
»  a corresponding sub-biock of the second
image
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1320 Calculate a cross-correlation between
the displaced sub-block and the corresponding
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with the second image based on the
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No <"E 330 Has each sub-block of the
first image been processed?
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1335 Generate a refined alignment
representation of the first image

FIG. 134
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1355 Identify sub-blocks of a first image that is
aligned with a second image
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» a corresponding sub-block of the second
image
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1
ALIGNING GRID LINES OF A TABLE IN AN
IMAGE OF A FILLED-OUT PAPER FORM
WITH GRID LINES OF A REFERENCE
TABLE IN AN IMAGE OF A TEMPLATE OF
THE FILLED-OUT PAPER FORM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a non-provisional application filed under 37 C.F.R.
§ 1.53(b), claiming priority under U.S.C. Section 119(e) to
U.S. Provisional Patent Application Ser. No. 62/257,573
filed Nov. 19, 2015, the entire disclosure of which is hereby
expressly incorporated by reference in its entirety.

BACKGROUND

Filling out paper forms is a part of life. A trip to a doctor’s
office, to the department of motor vehicles (DMV), to an
office of a potential new employer, etc., often involves filling
out a paper form. Such forms have fields for people to
provide information, such as a field for a person’s name,
another for his address, yet another for his phone number,
etc. The forms can also include a table, and the fields that
people fill in can be fields in the table. An employee of the
doctor, the DMV, etc. often electronically captures the
information entered on the form by manually entering the
information into a computer. Once electronically captured,
the information can be added to a database, a spreadsheet, an
electronic document, etc., where the information can be
stored for future reference.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments are illustrated by way of
example in the figures of the accompanying drawings, in
which like references indicate similar elements.

FIGS. 1A-D are flow diagrams that illustrate an example
process for identifying a field on a form template based on
an image of the form template, consistent with various
embodiments.

FIG. 2 is diagram that illustrates a mapping between an
image of a form template and an associated data structure,
consistent with various embodiments.

FIG. 3 is an illustration of a blank school registration
form, consistent with various embodiments.

FIGS. 4A and 4B are illustrations of a Department of
Motor Vehicles (DMV) form, consistent with various
embodiments.

FIG. 5 is an illustration of a blank DMV form, consistent
with various embodiments.

FIG. 6 is an illustration of a pH Indicator table, consistent
with various embodiments.

FIG. 7 in an illustration of a disease data table, consistent
with various embodiments.

FIG. 8A is an illustration of a template pH Indicator table,
consistent with various embodiments.

FIG. 8B is an illustration of a first image of a pH Indicator
data table where the first image is shrunken relative to the
template pH indicator table, consistent with various embodi-
ments.

FIG. 8C is an illustration of a second image of a pH
Indicator data table where the second image is rotated
relative to the template pH indicator table, consistent with
various embodiments.
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FIG. 8D is an illustration of a third image of a pH
Indicator data table where the third instance is warped,
consistent with various embodiments.

FIG. 9 is a flow diagram that illustrates a method for
aligning grid lines of an image of a table of a form with grid
lines of an image of a table of a template of the form,
consistent with various embodiments.

FIG. 10 is a flow diagram that illustrates a method for
generating a thin feature image of a form, consistent with
various embodiments.

FIG. 11 is a flow diagram that illustrates a method for
generating a rotation aligned representation of a table of a
form, consistent with various embodiments.

FIG. 12 is a flow diagram that illustrates a method for
scaling and shifting an image of a form that includes a table,
consistent with various embodiments.

FIGS. 13A and 13B are flow diagrams that each illustrate
a method of refining an alignment of an image of a table of
a form with an image of a table of a template of the form,
consistent with various embodiments.

FIG. 14 is a block diagram illustrating an example of a
processing system in which at least some operations
described herein can be implemented, consistent with vari-
ous embodiments.

FIG. 15 is a graph illustrating a line being expressed with
parameters (#,0), consistent with various embodiments.

FIG. 16 is a graph illustrating a sinusoid for x,=8 and
y,=0 in a plane 0- #-, consistent with various embodiments.

DETAILED DESCRIPTION

Introduced here is technology related to automatically
aligning images of two tables, such as aligning a table of an
image of a form with a corresponding table of an image of
a template of the form. A form is a piece of material, such
as a piece of paper, plastic, fabric, cardboard, etc., on which
data/information/graphics/etc. that defines the form is
printed, written, etc. For example, a form can be a piece of
paper which on which a client intake questionnaire for a
doctor’s office is printed, can be a piece of paper on which
an information data sheet for the Department of Motor
Vehicles (DMV) is printed, can be a piece of plastic for an
overhead projector on which a teacher draws a table for
gathering student preferences for a field trip, can be a
cardboard box for a cereal on which a contest entry sheet is
printed, etc.

The data/information/graphics/etc. that defines a form can
be applied in any of various ways to the piece of material of
the form, such as by being manually written on the piece of
material, by being printed on the piece of material, etc.
When the data/information/graphics/etc. of a form is printed
on a piece of material, the data/information/graphics/etc. can
be printed by running an application program, such as a
word processor or a spreadsheet program (among others),
opening a source file which contains the data/information/
graphics/etc., and printing the data/information/graphics/etc.
on the material. For example, a person can execute a word
processor application, can enter data/information/graphics/
etc. that defines a particular questionnaire using the word
processor, and can write the data/information/graphics/etc.
to a source file for the word processor. Anyone else with
access to the source file can open the source file using the
word processor application, and can print the data/informa-
tion/graphics/etc. on a piece of paper, turning the piece of
paper into a form that contains the particular questionnaire.



US 10,417,489 B2

3

The form can include graphics, such as boxes, tables, lines,
etc., that help define fields where information can be entered
by users of the form.

A field is a space on a form where an item of information
can be entered by a person filling out the form, such as by
being written or typed in the field. A field can be in any of
various configurations. For example, a field can be a stand-
alone field, can be one of multiple fields, can be a field in an
array of fields of a table, etc. A field can contain information
related to identification of the field, such as the name or label
of the field, among others. For example, a field can include
identifying information, such as a text string that identifies
a particular field, a text string that identifies a row or column
of a table, etc. For example, a field can include a label that
identifies all the fields in a first row of a table as being in row
1. Examples of field labels include a name field, an address
field, a driver’s license number field, a social security
number field, a comment field, a symptom description field,
a date field, a signature field, a row one column one field in
a table, a row two column five field in a table, etc.

After a person fills out a form, which entails entering
data/information in the various fields, the data/information
often needs be to captured and electronically stored, such as
in a database, spreadsheet, electronic document, etc. In
many cases, people, such as office staff, read the filled-out
forms and manually enter the data/information of the form
in a computer, where the information is electronically cap-
tured and stored. It is desirable to automate the work that
these office workers perform, and to automatically extract
and electronically store the data/information from a filled-
out form.

A company, office, or other organization or group may
have a number of different forms. In order to automatically
extract information from a particular form, it may be helpful
to identify a form of the multiple different forms of which
the particular form is an instance. In order to accomplish
such an identification, it can be useful to generate a library
of templates of the various different forms. If a library of
form templates includes form templates where the fields of
the form templates have been pre-identified, this pre-iden-
tification of the fields can be used to help automate or
accelerate extraction and recognition of the data entered by
users in these fields.

A template of a form, also referred to herein as a form
template, is a version of a form that is used as a reference,
such as for a comparison to an image of a selected form to
determine whether the selected form is an instance of the
form template. A form template can be in any of various
forms or formats from which an image of the form template
can be generated. For example, a form template can be a
piece of material, such as a piece of paper, plastic, fabric,
cardboard, etc., on which data/information/graphics/etc. that
defines the form template is printed, written, etc. In such a
case, an image of the form template can be generated by
taking a photo of the form template, by scanning the form
template, etc. Additionally, a form template can be a source
file from which an image of the form template can be
generated by use of an application program that is compat-
ible with the source file. In such a case, the application
program can open the source file, and can generate an image
of the form template. In an example, a form template is
stored in a source file for a word processor. A user executes
the word processor application, accesses the source file, and
uses the application program to generate an image of the
form template, such as by generating a JPEG (Joint Photo-
graphic Expert Group) file, TIFF (Tagged Image File For-
mat) file, etc.
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A worker, such as an Information Technology person at a
doctor’s office, can generate a library of images of form
templates and can pre-identify fields of the form templates.
The worker can generate images of the various form tem-
plates in various ways, such as by scanning a first form
template when the first form template is a piece of material,
by taking a photo of a second form template when the
second form template is a piece of material, by running a
word processor application to open and generate an image of
a third form template when the third form template is a
source file for the word processing application, etc. In
addition to generating the images of the form templates, the
worker can identity fields of the various form templates. For
example, the worker can draw a rectangle that identifies the
location of a first field of a form template, and can label the
first field as the “NAME” field. The worker can similarly
draw a rectangle that identifies the location of a second field
of the form template, and can label the second field as the
“ADDRESS” field. The worker can continue this process
until he identifies all of the fields of the various form
templates.

When an image of a selected form is received, such as an
image of a form completed by a user, a computer can
compare the image of the selected form to images of form
templates from the form template library. When the image of
the selected form matches an image of a particular form
template, the selected form can be identified as an instance
of the particular form template. Once the image of the
selected form is matched to the image of the particular form
template, the pre-identified fields of the particular form
template can be used to extract data from the fields of the
selected form.

In an example, a computer compares an image of a
filled-out DMV form with various images of form templates
from a library of images of form templates of the DMV. The
computer matches the image of the filled-out form with an
image of a form template from the library of DMV form
templates. The match can be based on a comparison of the
entire form, or just a portion or portions of the form. The
various fields of the DMV form template, such as the NAME
field and the ADDRESS field, have been pre-identified and
are stored with the library of DMV forms. The computer
uses the pre-identified field data of the form template to
identify the location of the NAME and ADDRESS fields in
the image of the filled-out DMV form, extracts the data
entered by the user in those fields, and uses optical character
recognition (OCR) to recognize text entered by a user in
those fields. The computer further uses the pre-identified
labels of the fields to store the extracted text in a database.
The computer stores the text string from the NAME field in
a NAME database entry associated with the filled-out
instance of the DMV form, and stores the text string from the
ADDRESS field in an ADDRESS database entry associated
with the filled-out instance of the DMV form.

In another example, a worker obtains an image of a form
template by scanning or taking a photo of the form template.
A form template is preferably a form that is blank (i.e., not
filled out by a user), but in some embodiments can also be
a version of the form that has been filled out by a user. The
worker views the image of the form template using a
computer. The worker uses a mouse to enter a first box that
defines the bounds of a first field on the image, uses the
mouse to enter a second box that defines the bounds of a
second field on the image, etc. The “bounds” or “boundary”
of a field is one way to define the “location” of the field. The
worker next provides an identity/label for each box. For
example, the worker selects the first box using the mouse,
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and enters “NAME” using a keyboard, thereby identifying/
labeling the first box as the “NAME” field. The worker next
selects the second box and enters “PHONE NUMBER?”,
thereby identitying/labeling the second box as the “PHONE
NUMBER” field.

The form template of the example also includes a ten by
ten data table. The worker one by one identifies boxes that
represent the boundary/location of each of the one hundred
fields of the data table, and types in the identity/label of each
of the fields. For example, the worker identifies the row one
column one field box and types “R1C1” to identify the field
as the row 1 column 1 field. Once all of the fields of the form
have been located and identified, the worker, using the
computer, creates a digitized representation of the form
template, which includes the locations and identities of all of
the fields.

Once the digitized representation of the form template has
been created, information entered by a user in the various
fields of a completed form can be automatically extracted
from an image of the completed version of the form. In this
example, a computer obtains an image of a completed form
that was generated by scanning or taking a photo of the
completed form. The computer matches and aligns the
image with an image or a portion(s) of an image from a
library of form templates. Once the image is matched with
the image or the portion(s) of the image of the form
template, the pre-identified locations and identities of the
various fields of the form template can be used to locate
corresponding fields on the completed form. For example,
(X,Y) coordinates of the “name” field box, or the “R1C1”
field box, can be used to locate an area on the completed
form where a person’s name or the row one column one
table data is expected to appear.

In order to match an image of a form that includes a table
with an image of a form template that includes a table, the
image of the table of the form may need to be aligned with
the image of the table of the form template. Aligning two
images of a form or a table can be challenging for a number
of reasons. When two images of a form or a table are
obtained, the two images can be at a different scale, a
different rotation, etc., relative to each other, or can be offset
relative to each other. Further, either or both of the two
images can be warped or otherwise disfigured. For example,
an image of a form can be warped or otherwise disfigured
when the image is captured by a camera or other image
acquiring device that was oriented at an angle relative to the
form, or if the paper on which the form is printed was bent
or otherwise deformed when the image was captured.

In a first alignment example, a table has regularly spaced
horizontal and vertical grid lines, where the grid lines define
the table. When aligning two instances of such a table, such
as a first instance that is an image of a table of a completed
form, and a second instance that is an image of the corre-
sponding table of the form template, the first instance can be
moved relative to the second instance in order to cause the
grid lines to align. As the first instance of the table is moved
relative to the second instance in an attempt to align the two
instances, many of the grid lines can match even though the
instances are not properly aligned.

In an example in which a 10x10 table has eleven vertical
grid lines that are all equally spaced (forming ten fields in a
horizontal row of the table), as a first instance of the table is
swept from left to right across a second instance, the
right-most vertical grid line of the first instance first aligns
with the left-most vertical grid line of the second instance.
Then, after the first instance moves one grid line space
further to the right, the two right-most vertical grid lines of
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the first instance align the with two left-most vertical grid
lines of the second instance, etc. As the first instance
continues to move from left to right relative to the second
instance, more and more of the vertical grid lines align, until
finally all eleven vertical grid lines align. As the sweep
continues, the vertical grid lines continue to periodically
align, with one less pair of vertical grid lines aligning each
time the first instance moves right by a grid space. One of
the challenges to properly aligning the two instances of the
table is to distinguish between the many incorrect vertical
grid alignments between the two tables and the one correct
vertical grid alignment.

In a second alignment example, two instances of a form,
which include a table, are at different scales. For example, a
first instance can be an image of the form at a 90% scale, and
a second instance can be an image of the form at full scale.
In general, examples that include two instances of a form
can also be representative of an example that includes an
image of a form, and an image of a template of the form. The
second instance can be an image of a template of the form.
In this example, this scaling, or shrinking, results in the X
and Y dimensions or pixel counts of the table of the first
instance being 90% of the X and Y dimensions or pixel
counts of the table of the second instance. Another one of the
challenges to properly aligning the two instances is to scale
the first instance or the second instance to bring the two
instances back to a same scale. Scaling the first instance or
the second instance can include scaling both instances.

In a third alignment example, two instances of a form are
at different orientations. For example, a first instance may be
an image of the form at a first orientation, and a second
instance may be an image of the form at a second orienta-
tion. The first orientation differs from the second orientation
by a rotation angle of ten degrees in this example. Rotating
the first instance or the second instance to bring the two
instances back to a same orientation is another one of the
challenges to properly aligning the two instances of the
table.

In a fourth alignment example, one or both instances of a
form are warped. In an example, both a first instance and a
second instance of a form are warped. When an image is
warped, lines that were straight in the source of the image do
not appear as being straight in the image. De-warping the
first instance and the second instance is yet another one of
the challenged to properly aligning the two instances of the
table.

After two instances of a form are aligned and fields of the
two instances are correlated, OCR can be run on the areas of
the form that correlate to the field boundaries, and the
person’s name, the row one column one table data, etc. can
be automatically extracted based on the OCR results. For
example, the boundary of a field can be oversized by a
predetermined amount, and OCR can be run on the area of
the form that overlaps with the oversized boundary box to
determine text that appears within the oversized boundary
box.

Further, when the digitized representation of the form
template includes an identity or label of each field, text
entered in each field can be automatically stored in a proper
location in a database entry. For example, a database entry
can be created for a particular completed form. Referring to
the example above, a person entered “John Doe” in the
“name” field, and “2.0” in the “R1C1” field of this particular
completed form. An OCR of the “name” and “R1C1” fields
of this particular completed form determined that the text in
these field is, respectively, “John Doe” and “2.0”. The
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computer system writes “John Doe” to the “name” field, and
“2.0” to the “R1C1” field, of the database entry for this
particular completed form.

In a second example that advantageously utilizes some
techniques disclosed in this application, a user similarly
obtains an image of a form template by scanning or taking
a photo of the form template. The form template is prefer-
ably blank, but in some embodiments can also be filled out.
The user views the image of the form template using a
computer. The user moves a cursor to a first field of the form
template, and the computer automatically displays a pre-
dicted location of the field, including a bounding box that
represents the boundary of the field. The computer further
predicts the field identity/label based on text in the docu-
ment. The user clicks on the field to indicate that he wants
to digitize the field. In some embodiments, the user can
interactively modify the size of the bounding box that
represents the extent of the field, and can change the
identity/label of the field. Once finalized, the user can cause
the field information (e.g., the bounding box coordinate, the
bounding box location, the identity/label of the field, etc.) to
be written to a database.

The user now wishes to digitize a table of the form
template. The user depresses a click/select indicator of a
mouse outside one corner of the table and moves the cursor
to outside the opposite corner of the table, which causes a
table indicator box to be drawn such that the box encloses
the table. The computer system predicts the locations of
fields of the table, as well as field identities/names/labels for
the fields. The user indicates that he wants to digitize the
fields of the table. In some embodiments, the user can
interactively modify the size of the bounding boxes that
represent the extents of the fields of the table, and can
change the identity/label of the fields of the table. Once
finalized, the user can cause the field information (e.g., the
bounding box coordinates, the bounding box locations, the
identity/label of the fields, etc.) for fields of the table to be
written to a database.

References in this description to “an embodiment”, “one
embodiment”, or the like, mean that the particular feature,
function, structure or characteristic being described is
included in at least one embodiment of the present invention.
Occurrences of such phrases in this specification do not
necessarily all refer to the same embodiment. On the other
hand, the embodiments referred to also are not necessarily
mutually exclusive.

Further, in this description the term “cause” and variations
thereof refer to either direct causation or indirect causation.
For example, a computer system can “cause” an action by
sending a message to a second computer system that com-
mands, requests, or prompts the second computer system to
perform the action. Any number of intermediary devices
may examine and/or relay the message during this process.
In this regard, a device can “cause” an action even though
it may not be known to the device whether the action will
ultimately be executed.

Note that in this description, any references to sending or
transmitting a message, signal, etc. to another device (recipi-
ent device) means that the message is sent with the intention
that its information content ultimately be delivered to the
recipient device; hence, such references do not mean that the
message must be sent directly to the recipient device. That
is, unless stated otherwise, there can be one or more inter-
mediary entities that receive and forward the message/
signal, either “as is” or in modified form, prior to its delivery
to the recipient device. This clarification also applies to any
references herein to receiving a message/signal from another
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device; i.e., direct point-to-point communication is not
required unless stated otherwise herein.

FIGS. 1A-D are flow diagrams illustrating an example
process for identifying a field of a form template based on
an image of the form template, consistent with various
embodiments. The process of FIGS. 1A-D can be used to
identify fields of a form template in preparation, for
example, for generating a library of form templates where
the library includes or is associated with digitized represen-
tations of the form templates that include locations or
identities/labels of fields of the form templates. A digitized
representation of a form template that includes locations or
identities/labels of fields of the form template can include
both locations and identities/labels of the fields of the form
template. Identifying a field of a form template can include
identifying a location of the field on the form template, or
identifying an identity/label of a field of the form template.

At block 110, a computer system receives binary data that
represents an image of a form template, such as form
template 300 of FIG. 3. The binary data can be created in any
compatible manner, such as by scanning the form template,
taking a photo of the form template, running an application
program to access and generate an image of a form template
(e.g., when the form template is a source file), etc. The
binary data can be from a scanner, camera, etc. that is
coupled to and/or integrated with the computer system, can
be from a remote computer system, can be from a mobile
device such as a smart phone or tablet, can be from an
application program, etc. The remote computer can have a
scanner, camera, etc. that is coupled to and/or integrated
with the remote computer system, and that can be used to
obtain an image of a form template based on a scan or
photograph of the form template.

In some embodiments, the image includes meta-data that
identifies visual data, such as meta-data that identifies loca-
tions of lines, fields in the form template, etc. In other
embodiments, the image includes no meta-data that identi-
fies visual data, such as locations of lines, locations and/or
extents of fields in the form template, etc. In such embodi-
ments, the process of FIGS. 1A-D advantageously is able to
extract visual data from the image without relying on or
needing meta-data that identifies or helps to identify the
visual data.

At block 130, the computer system creates a data structure
to represent the form template. In some embodiments, the
data structure is structured to enable efficient location of
fields based on interactive user input. In one example usage
scenario, a user views an image of a form template during
a process of digitizing the form template. When the user
moves a cursor over a possible location of a field of the form
template, the data structure can be structured to enable a fast
and efficient prediction and display of a possible field.
Digitizing a form template can include storing data related
to fields of a form template, such as locations of fields,
boundaries of fields, labels of fields, etc., at a data structure
to facilitate automated or semi-automated extraction of data
written/typed/etc. at the fields of a filled-out version a form
that is an instance of the form template. A label of a field can
also be referred to as an identity of the field.

In some embodiments, the data structure is organized so
that adjacent portions of an image map to adjacent elements
of a data structure. For example, data structure 230 of FIG.
2 is organized so that adjacent “portions” of image 220 map
to adjacent elements of data structure 230. Each square of
image 220 represents a “portion” of image 220, and each
square of data structure 230 represents an element of data
structure 230. Each corner of each square of image 220, such
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as the square at index (0,0), or the square at index (8,8), is
coincident with a grid of image 220. Grid points 225
identifies examples of three grids, also referred to as grid
points.

As can be seen at mapping 210 and mapping 215, two
adjacent “portions” of image 220 (e.g., portion (0,0) and
portion (1,0)) map to adjacent elements of data structure 230
(e.g., element (0,0) and element (1,0)).

Blocks 132-138 represent a flow diagram to perform the
operation of block 130. At block 132, the computer system
analyzes the image of the form template. Features of a data
structure can be determined by a computer system based on
the analysis of the image. For example, features of a data
structure, such as the number of elements of the data
structure, the organization of the data structure, the data
associated with each element, etc. can be determined based
on an analysis of the image.

In some embodiments, the computer system determines a
data structure based on a grid that the computer system
determines based on the image of the form template. A grid
can define the “portions” of an image. In FIG. 2 for example,
grid points of image 220, such as grid points 225, define
“portions” of image 220, where each non-overlapping
square of image 220 represents one of the “portions™ of
image 220.

The computer system can determine the size of a grid
based on an analysis of the image. For example, a grid can
be set based on the size of a pixel of the image (e.g., grid=1
pixelx1 pixel), the size of a grouping of pixels of the image
(e.g., grid=3x3 pixels), a measured portion of the image
(e.g., grid=0.1 mmx0.1 mm), a percentage of a size of the
image (e.g., the X grid=1% ofthe X dimension of the image,
and the Y grid=1% of the Y dimension of the image), etc.
When the grid is a pixel, one of the “portions” of image 220
includes data of the pixel that overlaps with one of the
squares of image 220. When the grid is group of 3x3 pixels,
one of the “portions” of image 220 includes data of the 9
pixels that overlap with one of the squares of image 220. Etc.

While the current discussion focuses on a regular grid
whose grid points define squares, a grid can have various
characteristics that are determined based on any of various
other data. For example, a grid can define a set of non-
overlapping rectangles, such as when the grid is 2 pixels by
1 pixel. As another example, the grid can be irregular. For
example, the grid of FIG. 7 can be coincident with the line
intersections of FIG. 7, where the lines and associated line
intersections are irregularly spaced.

The computer system can determine a data structure
(block 134) based on results of the analysis of block 132. In
some embodiments, the computer system determines the
data structure to enable data of each “portion” of the image
to map to a different element of the data structure, and to
enable adjacent “portions” of the image map to adjacent
elements of the data structure. Data structure 230 of FIG. 2
is an example of such a data structure.

The computer system can determine any of various types
of data structures, such as a linked list, an array, a hash table,
etc. Further, the data structure can be based on any of various
attributes of the image, such as the color(s) of the image, the
size of the image, the resolution of the image, etc.

In some embodiments, two elements of a data structure
are considered to be adjacent when the index of each of the
elements differs by one unit. For example, in data structure
230, the index is an ordered pair. For data structure 230, two
elements are considered adjacent when one number of the
ordered pair differs by one unit, and the other number of the
ordered pair is the same. For example, element (0,0) is
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adjacent to element (1,0) because one number of the ordered
pair (the first number in this example) differs by one unit,
and the other number of the ordered pair is the same.
Similarly, element (0,0) is adjacent to element (0,1) because
one number of the ordered pair (the second number in this
example) differs by one unit, and the other number of the
ordered pair is the same.

As discussed above, the data structure can be organized so
that the relative locations of the “portions” of the image are
reflected in the organization of the data structure. When a
document, such as a form template, is scanned, photo-
graphed, etc., the resulting image has a certain resolution.
For example, the resolution of the image can be 2048 pixels
by 1536 pixels, for a total of 3,145,728 pixels (or 3.1
Megapixels). In some embodiments, the computer system
determines the grid size so that the grid matches the size of
a pixel. In such an embodiment, each pixel of the image is
associated with a particular row and column of the 2048
pixelx1536 pixel image of the form template. In this
example, a pixel located at numbered pair (0,0) is located at
the bottom-left of the image, and a pixel located at (2047,
1535) is located at the top-right of the photo. As is shown in
FIG. 2, adjacent portions (0,0) and (1,0) of image 220 map
to adjacent elements (0,0) and (1,0) of data structure 230.
When the portion is a pixel, adjacent pixels (0,0) and (1,0)
of the image map to adjacent elements (0,0) and (1,0) of the
data structure.

At block 136, the computer system identifies a line
segment. Some algorithms for predicting fields in a form
template use locations of lines on the form template to
predict or determine a location of a field, and a boundary of
the field. The location of the field is where the field is located
on the image of the form template. The location can be any
location associated with the field, such as the location of the
middle of the field, the bottom left corner of the field, the
location of a line that defines a boundary of the field, such
as a bottom line of a field, etc. The boundary of the field
defines an area on the image where a user is expected to
input (e.g., write, type, etc.) a value for the field.

Some embodiments of the process of FIG. 1 are interac-
tive, in that user input is required during the process. In
preparation for an interactive session, a computer system can
pre-populate a data structure with data derived from an
image to be digitized to enable a faster and more efficient
interactive user experience. Some embodiments advanta-
geously load data of the form template in memory in
preparation for an interactive session. Loading the data of
the form template in memory, such as by loading a data
structure that contains data of the form template, and orga-
nizing the data to efficiently support an interactive session,
can enable a much faster and responsive interactive user
experience.

Some embodiments of the process of FIG. 1 use locations
of line segments of the form template in predicting or
determining field locations and boundaries. In order to
facilitate an improved interactive user experience, qualify-
ing line segments can be stored in a data structure that is
organized/structured to efficiently support an interactive
session. Returning to block 126, in some embodiments, the
computer system identifies all visible line segments of a
form template that meet a certain criteria. The computer
system does this by analyzing the binary data of the image
of'the form template to identify line segments that are visible
on the form template. Identifying line segments is well
known in the art, with one example of an algorithm for doing
so being a Hough Line Transform, which can be found at
http://docs.opencv.org/doc/tutorials/imgproc/imgtrans/
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hough_lines/hough_lines.html. A second example of a line
extractor can be found at http://docs.opencv.org/master/db/
d73/classcv_1_1LineSegmentDetector.html.

As line segments are found, they can be evaluated to
determine if they meet certain criteria. For example, lines
that do not extend a pre-determined distance may be filtered
out, lines that do not run sufficiently or substantially straight
in the X or Y dimension may be filtered out, lines that are or
are not of a certain color or color range may be filtered out,
lines that are or are not of a certain style (such as a dashed
line) may be filtered out, etc. In some embodiments, a line
is deemed to run sufficiently straight when its length in the
primary direction in which the line runs is at least 600% of
the length that it traverses in the non-primary direction. For
example, a line that extends 3 inches in the X dimension may
be filtered out if the difference between the maximum and
minimum Y coordinates of the line segment is more than 0.5
inches.

In some embodiments, once a line segment is determined
and passes all line segment filters, the line segment is
mapped to a data structure element (block 138). As dis-
cussed above, data of a “portion” of an image that is
determined based on a grid can be mapped to an element of
a data structure. Once the line segment is determined, the
computer system determines which “portions” of the image
the line passes through, and maps the line to the elements
that are mapped to those “portions.” For example, where the
grid is a pixel and a line runs through 1000 pixels, the line
can be mapped to each of the 1000 pixels. The data stored
at each element can include, e.g., a link to a data structure
element that includes the data of the line segment, informa-
tion regarding the portion of the line segment that passes
through the portion of the image that maps to the element,
etc.

In some embodiments, this process is repeated for all line
segments of the form template, such that, once completed,
the data structure includes line segment information for all
line segments that met the criteria and were not filtered out.
Once the process is complete, the data structure of such
embodiments includes information regarding all the line
segments that meet the criteria, thereby advantageously
enabling an enhanced interactive user experience.

At block 150, the computer system predicts a location of
a field of the form template. Any computing device, such as
a remote computer system, a mobile device, etc. can be used
to perform the operation of block 150. A mobile device can
be any mobile computing device, such as a laptop computer,
a smart phone, a tablet, etc. In some embodiments, the
operations of all blocks of FIG. 1 are performed by a
computer system. In other embodiments, the operations of
blocks 110-138 are performed by a server, and the operations
of blocks 150-195 are performed by a computing device,
such as a laptop computer, a desktop computer, a smart
phone, a tablet, etc. In other embodiments, various comput-
ers perform the operations of the various blocks of FIG.
1A-D.

Blocks 152-158 represent a flow diagram to perform the
operation of block 150. At block 152, a computer system
determines a location of a cursor. In some embodiments,
when a user begins an interactive session to digitize a form
template, the user views an image of the form template. The
image of the form template can be displayed by any of
various applications that can display images, such as an
image viewer, a photo viewer, a PDF viewer, a web browser,
a word processor, etc. The process of digitizing the form
template includes identifying relevant fields of the form
template that a user may want to automatically extract from
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a filled-out form that is an instance of the form template. The
user guides a cursor over a field, in this example field 305
of FIG. 3.

When the cursor hovers over and/or stays substantially at
a selected location on the image, the computer system
determines the location of the cursor, such as the location of
the cursor on the image. Based on the location of the cursor,
the computer system determines a “portion” of the image
(block 154). The “portion” of the image can be a portion of
the image that is located at the location of the cursor. For
example, when the grid of image 300 of FIG. 3 is a pixel and
the user hovers a cursor over field 305, the computer system
determines the coordinate of the cursor. Based on the
coordinate of the cursor, and based on the size of the grid (in
this example, a pixel), the computer system determines that
the coordinate of the cursor intersects a particular pixel of
the image (i.e., the pixel being the “portion” of the image).
In various embodiments, the portion of the image that is
determined at block 154 can be a grid, multiple grids, part
of the image that is within a defined distance the location of
the cursor, etc.

At block 156, the computer system determines a location
of a field based on a location of nearby line segments, and
at block 158 determines an extent of the field. In a first
example, a field is encircled by line segments. An example
of such a field is field 405 of FIG. 4A, where a user would
enter the “MAKE” of an automobile on a DMV form. As
discussed above, the location of the field can be any location
associated with the field, such as the location of the middle
of the field, the bottom left corner of the field, the location
of a line that defines a boundary of the field, the location of
an extent of the field, etc.

In this example, the location of the field is the location of
the line segment at the bottom of the field. Further, the data
structure of block 130 is organized so that adjacent portions
of an image map to adjacent elements of a data structure to
enable a fast and efficient prediction and display of a
possible field. In other words, when a first “portion” of the
image is located “below” a second “portion” of the image,
the element that maps to the first portion will be “below” the
element that maps to the second portion. For example, in
FIG. 2, the portion of image 220 at index (0,0) is “below”
the portion of image 220 at index (0,1). Accordingly, the
element of data structure 230 at index (0,0) is also “below”
the element at index (0,1).

Based on the cursor location of block 152, and the
associated “portion” of the image, the computer system
accesses a data structure element associated with the “por-
tion” of the image to determine if the element is mapped to
a line segment. In this example, when the element is mapped
to a line segment, the location of the line segment is
determined and the location of the field is based on the
location of this nearby line segment (block 156). The
location of the field can be based on or can be any location
characteristic of the line segment, such as a coordinate of a
predetermined point on the line segment (e.g., the middle,
left end, right end, etc. of the line segment), a location of the
line segment, a location of the “portion” of the image that
maps to the line segment, etc.

When the element is not mapped to a line segment, the
computer system begins walking “down” elements of the
data structure to find a line segment that is “below” the
element. In this example, the index of an element of the data
structure has the format index (X,Y). The computer system
can walk “down” elements of the structure by decrementing
Y. For example, if the starting element has an index of
(1000,900), the next element when walking “down” ele-
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ments of the data structure will have an index of (1000,899).
As the computer system walks down elements of the data
structure, it determines whether the next lower element maps
to a line segment. If not, the computer system continues to
the next lower element. Once the computer system identifies
an element that maps to a line segment, the computer system
in this example determines the location of the line segment
and bases the location of the field on the location of this
nearby line segment (block 156).

Once the “lower” line segment is identified, the computer
system determines an extent of the field (block 158). In this
first example, the computer system walks “up” elements of
the data structure until it finds a line segment “above” the
lower line segment. The computer system then walks “left”
and “right” until it finds line segments that are “left” and
“right” of the starting element. When the four line segments
form a box, the extent of the field is based on the four line
segments. For example, the extent of the field can be defined
as the box formed by the four line segments, or by taking the
box formed by the four line segments and over sizing or
under sizing the box to determine the extent and/or boundary
of the field.

In a second example, a field is bounded on two or three
sides by line segments. Examples of such fields include
fields 410 and 415 of FIG. 4A. In such examples, the
location of nearby line segments and the location of the field
are determined in a manner similar to the first example
(block 156). However, when searching in a direction where
the field is not bounded by a line, no line is found. When the
computer system is in the process of determining the extent
of the field (block 158), each discovered bounding line
determines an extent of the field in one dimension. The
extent of the field in directions where no bounding line was
discovered is determined based on the end points of the
bounding lines. For fields 410 and 415, the left extent is set
to be coincident to the left ends of the top and bottom
bounding line segments. For field 415, the right extent is
similarly set to be coincident to the right ends of the top and
bottom bounding line segments.

In a third example, a field is bounded on one side by a line
segment. An example of such a field is field 305 of FIG. 3.
In such an example, the location of nearby line segments and
the location of the field are determined in a manner similar
to the first example (block 156). However, when searching
in a direction where the field is not bounded by a line, no line
is found in that direction. When determining the extent of
such a field (block 156), a computer system can set the left
and right ends of the field to be coincident with the left and
right ends of the discovered bounding line segment.

The top of the extent of the field can be determined in any
of several ways. For example, the height can be determined
based on the height of text that is associated with the field.
For field 305, the top extent of the field can be set based on
the text to the left of the field, “Child’s Name,” which is the
text associated with field 305. The height of the field can be
set equal to the height of the associated text, can be set to be
a multiple of the height of the associated text (e.g., 1.5 times
the height of the associated text), etc. As another example,
the height can be determined based on the average or median
height of text in the document. For example, the height of
the field can be set equal to the median or average height of
text in the document, can be set to be a multiple of the
median or average height of the text in the document (e.g.,
1.5 times the height of the median or average text height),
etc.

In a forth example, a field includes extrancous line
segments. An example of such a field is field 505 of FIG. 5.
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Field 505 includes line segments to denote where each
character should be placed. In such a case, a detected nearby
line segment can be filtered based on certain criteria. The
filtering can happen prior to block 156. For example, when
the line segments that form the top and bottom extents of
field 505 are located, the Y dimension distance between the
two line segments can be determined. When searching for
line segments in the left or right direction, any detected
vertical line segments that have a length less than a prede-
termined portion of the distance between the top and bottom
extent line segments, such as 25% or 50% of the distance,
can be filtered. Once the extraneous line segments are
filtered, field 505 is determined in a manner similar to field
415.

In a fifth example, a field is bounded on one side by a line
segment, and on an opposite side by one or more line
segments whose lengths are different than or are offset from
the boundary line segment of the first side. Examples of such
fields include fields 310 and 315 of FIG. 3. In such cases,
where one or more line segments are found in the vertical
direction (block 156) which do not match the length and/or
do not line up with the bottom line segment (e.g., the upper
line segment is the same length, but is shifted in the left or
right directions as compared to the bottom line segment),
any of various techniques can be used to determine the upper
extent of the field (block 158). For example, the upper extent
of'the field can be determined in a manner similar to the third
example where the extent is based on the height of text in the
document. As another example, the upper extent of the field
can be set to be coincident with the line segment(s) found in
the vertical direction, or to be coincident with the lowest line
segment found in the vertical direction. When determining
whether two line segments have the same length, or are
shifted, the comparison between the line segments can
include an error threshold, which can be a predetermined
absolute amount, can be a predetermined relative amount,
etc. For example, the error threshold can be 0.1 inches, can
be 10% of the length of the line segment, etc.

In a sixth example, multiple fields are bounded on the top
and bottom by line segments that extend the length of the
multiple fields, and are not bounded on the left or right. An
example of such a field is field 420 of FIG. 4A, which is
bounded on the top and bottom by line segments that extend
past the fields for APPLICANT’S SIGNATURE, for
PRINTED NAME, and for DATE. In such a case, a com-
puter system can determine the left and right extent of each
field based on text associated with the fields or by the ends
of the top and bottom boundary line segments (block 158).
For example, a computer system can determine that multiple
text fields are associated with the top and bottom boundary
line segments based on spacing between the text. A com-
puter system can evaluate the space between words, and
when space between some words associated with a line
segment or field exceeds a predetermined threshold, the
computer system can determine that the large spacing indi-
cates a new field. The threshold can be an absolute amount
(e.g., a spacing more than 0.25 inches in the original image
or when printed), can be a relative amount (e.g., a spacing
more than two times the height of the text, more than 6 times
the median spacing between words, etc.), among other
amounts. Line segments 425-440 of FIG. 4B are examples
of line segments that represent the left and right extents of
the multiple fields of field 420.

In a seventh example, a field is part of a table. Examples
of such fields include fields 605 and 620 of table 600 of FIG.
6, and field 705 of table 700 of FIG. 7. In such cases, a table
can be automatically or semi-automatically detected. When
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tables 600 or 700 are automatically detected, a user can
place a cursor over a field of the table, such as field 605 or
field 705, and a computer system can determine the location
of the cursor (block 152). The computer system can deter-
mine a portion of the image based on the cursor location
(block 154) in a manner similar to some of the above
examples. When determining a field based on locations of
nearby line segments (block 156), which can be done in a
manner similar to the first example where the field is
encircled by line segments, a computer system can continue
to search in the upper, lower, right, and left directions and
can determine, based on the location of detected line seg-
ments, that field 605 is part of table 600, or that field 705 is
part of table 700. For example, when the computer system
searched in the right direction, the computer system can
detect a series of similarly sized line segments. By doing
similar searches in the left, upper, and lower directions the
computer system can detect other line segments of the table
in a similar manner, and, based on the detected line seg-
ments, can determine a location and extent of the table.

When tables 600 or 700 are semi-automatically or inter-
actively detected, a computer system can receive input from
a user that indicates an existence and location of the table.
For example, when determining a location of a cursor (block
152), a computer system can also determine that a user drew
a box with a mouse or other device to indicate a table. For
table 600/700, a user can click slightly below and to the left
of the bottom left corner of table 600/700 (e.g., below and
to the left of field 615/715), can continue to depress the click
indicator while moving the cursor to slightly above and to
the right of the top right corner of table 600/700 (e.g., above
and to the right of field 610/710), where he releases the click
indicator, thereby indicating a first and a second corner of a
rectangle that indicates an extent of a table, in this example
table 600/700. The computer can analyze line segments that
are within the indicated drawn bounding rectangle to deter-
mine both the location and extent of table 600/700, as well
as the location and extent of each of the fields of the table,
such as field 605/705 (blocks 156 and 158). In table 600/700,
each field is encircled by line segments, and the location and
boundary of field 605/705 can be determined in a manner
similar to the first example where a field is encircled by line
segments.

In some embodiments, X and Y dimensions of table
600/700 are determined, and lines that run less than a
predetermined amount, such as 75% of a table dimension,
are filtered. For example, if a line runs in the X dimension
less than 75% of the X dimension of the table, or if a line
runs in the Y dimension less than 75% of the Y dimension
of the table, the line can be filtered out.

At block 170, a computer system predicts a label for the
field. Blocks 172-176 represent a flow diagram for perform-
ing the operation of block 170. A computer system can select
a field based on a location of a cursor on the image of the
form template (block 172). The location of the cursor at
block 172 can be the same location of the cursor at block
152, or can be a different location, for example, due to the
cursor moving slightly. The field can be the field of block
156. The computer system can run OCR on part or all of the
image to determine text of the image (block 174). OCR can
be run on the contents of a field when a user indicates a
selection of the field, can be run on the entire document
during creation of a data structure at block 130, or can be run
at any of various other times. The contents of the field can
be defined by the extent of the field as determined at block
158, by under sizing or over sizing the extent of the field of
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block 158, e.g., over sizing the extent of the field by 50% of
the height of the field, or by another method.

A label for a field can be predicted in any of various ways
(block 176). For example, the label can be predicted based
on text that is located nearby to or at the field. As an
example, prediction of labels for fields 305 and 310 of FIG.
3 can be based on an analysis of text/field patterns in a row
of document 300 that includes the field. A computer system
can determine that the text CHILD’S NAME is followed by
field 305, which is followed by CHILD’S SOCIAL SECU-
RITY #, which is followed by another field. The computer
system, based on this pattern of text/field/text/field, can
predict that the first text (i.e., CHILD’S NAME) is a label for
the first field (i.e., field 305), and that the second text is a
label for the second field.

As another example, a prediction of the label for field 315
can be similarly based on an analysis of text/field patterns in
a row of document 300. A computer system can determine
that the text PARENTS ARE: is followed by a first field,
which is followed by MARRIED, which is followed by a
second field, which is followed by SINGLE, which is
followed by a third field, which is followed by SEPA-
RATED, which is followed by a forth field, which is
followed by DIVORCED. In this example, with there being
text to both the left and right of each field, the computer
system can additionally base a prediction of a label for a
field on text punctuation. In this case, based on the first text
ending in a colon (i.e., “:”), the computer system can predict
that the text that follows each field is the label for the field,
and that the label for field 315 is DIVORCED.

As yet another example, a prediction of the label for field
405 of FIG. 4A can be based on text that is located within
the bounds of the field. A computer system can determine
that the text MAKE lies within the boundary of field 405,
and can predict that MAKE is the label for field 405. The
bounds/boundary of the field can be defined by the extent of
the field as determined at block 158, by a sizing of the extent
of the field of block 158, or by another method. As yet
another example, a prediction of a label for field 420 of FIG.
4A can be based on text that is located within the bounds of
the multiple fields of field 420, as is represented by line
segments 425-440 of FIG. 4B. In this example, a label for
the first of the multiple fields of field 420 is APPLICANT’S
SIGNATURE, a label for the second of the multiple fields is
PRINTED NAME, and a label for the third of the multiple
fields is DATE.

A label for a field in a table, such as fields 605 or 620 of
table 600 of FIG. 6, or field 705 of table 700 of FIG. 7, can
be based on text in the outermost row(s) and column(s) of
the table. In the example of FIG. 6, area 625, which includes
the text SAMPLES, and area 635, which includes the text
PH INDICATORS, are not part of table 600. The line
segments that define the extents of areas 625 and 635 and do
not define the extent of table 600 (i.e., the “625/635 line
segments”), are not part of table 600 in this example and can
be filtered in any of several ways. For example, when a user
draws a box using a mouse or other device to indicate a
table, the user can draw the box so that it does not include
the entirety of areas 625 and 635. A computer system can
filter the 625/635 line segments based on their not being
fully contained within the drawn box.

In another example, a user draws the box so that it
includes all of areas 625 and 635. In this example, a
computer system can filter the 625/635 line segments based
on the Y-dimension of area 625, and the X-dimension of area
635, not matching the X and Y dimensions of fields of table
600. In other words, the computer system can analyze fields
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that it finds within the drawn table indication box. When the
computer system finds a number of abutting fields that are
laid out in a table configuration, it can keep those fields, and
it can filter out fields that do not match the table pattern. In
this example, the 625/635 line segments that define bound-
aries of area 625 will be filtered out due to the Y dimension
of area 625 not matching the Y dimension of fields of table
600. Additionally, the 625/635 line segments that define
boundaries of area 635 will be filtered out due to the X
dimension of area 635 not matching the X dimension of
fields of table 600. This filtering will leave line segments that
form the boundaries of the fields that form the rows and
columns of the table.

Contents of fields that are in the outermost row(s) and
column(s) can be analyzed to predict labels for the fields of
table 600 (block 176). A computer system analyzes table 600
and determines that fields of the left most column and top
most row of table 600 include text. The computer system can
base the labels of the fields of table 600 on the text found in
these fields. For example, a label of field 605 can be set to
“PH METER” “SODIUM CARBONATE NA2CO3”, with
“PH METER” being predicted as part of the label for all
fields in column 630 that are below the top most row, and
with “SODIUM CARBONATE NA2CO3” being predicted
as part of the label for all fields of row 640 to the right of the
left most column. As a second example, a label of field 620
can be “RED CABBAGE EXTRACT” “MILK OF MAG-
NESIA MG(OH)2”.

Labels for fields of table 700 are handled in a manner
similar to the fields of table 600. In the example of FIG. 7,
a label of field 705 can be set to “NEW CASES”
“MALARIA”, with “NEW CASES” being predicted as part
of the label for all fields in column 720 below the top-most
row of table 700, and with “SODIUM CARBONATE
NA2CO3” being predicted as part of the label for all fields
in row 725 to the right of the left most column of table 700.

At block 190, the computer system displays a boundary
that represents the field. The boundary can be the extent
determined at block 158 of FIG. 1C, can be the extent
oversized or undersized by a predetermined amount, etc. For
example, the boundary can be determined by oversizing the
extent of the field by 0.25 inches, by undersizing the extent
of the field by 10% of the height of the extent, etc. The
boundary can be displayed in response to the user placing
the cursor at a location of the field, by the user hovering the
cursor or keeping the cursor substantially still over the field,
etc.

At block 195 the user digitizes the form template. Digi-
tizing a form template can include, for example, storing data
related to fields of a form template, such as locations of
fields, boundaries of fields, labels of fields, etc., at a data
structure, such as to facilitate automated or semi-automated
extraction of data written/typed/etc. at the fields of a filled-
out version of a form that is an instance of the form template.
The data structure can be the data structure of block 130, or
can be another data structure. For example, the computer
system can create a data structure element for a field, such
as for field 305 of FIG. 3. The data structure element can
include members. For example, as part of digitizing the form
template, the computer system can create members of the
data structure element. For example, the computer system
can create a member that defines the boundary of the field,
another member that defines the field label, another memory
that stores the location of the field, etc. The data structure of
block 195 can be stored to disk for future use, such as when
a filled-out version a form that matches the form template is
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received and the filled-out values of the various fields are
extracted from the form and added to a database.

FIG. 8A is an illustration of a template pH Indicator table,
consistent with various embodiments. Table 600 of FIG. 6
can be a template of a pH Indicator table, and table 8004 can
be table 600. Further, fields 805a-820a, area 8254, column
830aq, area 8354, and row 840a can be, respectively, fields
605-620, area 625, column 630, area 635, row 640 of FIG.
6.

FIG. 8B is an illustration of a first image of a pH Indicator
data table where the first image is shrunken relative to the
template pH indicator table, consistent with various embodi-
ments. Table 8005 is an illustration of an image of table 8§00«
that is shrunken with reference to table 8004a. Fields 8055-
8205, area 8255h, column 8305, area 8355, and row 8405 of
FIG. 8b can be, respectively, fields 805a-820q, area 825a,
column 830a, area 835a, and row 840a of FIG. 8a, however
in an image of table 800q that is shrunken.

FIG. 8C is an illustration of a second image of a pH
Indicator data table where the second image is rotated
relative to the template pH indicator table, consistent with
various embodiments. Table 800c is an illustration of an
image of table 800qa that is rotated with reference to table
8004. Fields 805¢-820c, area 825¢, column 830c¢, area 835¢,
and row 840c¢ of FIG. 8¢ can be, respectively, fields 805a-
8204, area 8254, column 830a, area 835a, and row 840a of
FIG. 8a, however in an image of table 800q that is rotated.

FIG. 8D is an illustration of a third image of a pH
Indicator data table where the third instance is warped,
consistent with various embodiments. Table 8004 is an
illustration of an image of table 800« that is warped with
reference to table 800a. Fields 8054-820d, area 8254, col-
umn 830d, area 835d, and row 840d of FIG. 84 can be,
respectively, fields 805a-820q, area 8254, column 830a, area
835a, and row 8404 of FIG. 8a, however in an image of table
800q that is warped.

FIG. 9 is a flow diagram that illustrates a method for
aligning grid lines of an image of a table of a form with grid
lines of an image of a table of a template of the form,
consistent with various embodiments. While the method of
the example of FIG. 9 is used to align grid lines of an image
of a table of a form with grid lines of an image of a table of
a template of the form, the method can be used to align grid
lines of two images of a table, or grid lines of an image of
a first table and grid lines of an image of a second table
where the two tables are substantially identical, among
others. While, in the example method of FIG. 9, some
actions of the method are being applied to the image of the
form, or are being applied to an image that is derived from
an image of the form, these actions can also be applied to the
image of the form template or to an image that is derived
from the image of the form template. For example, both the
image of the form and the image of the form template may
need to be straightened, scaled, shifted, etc. to facilitate
aligning the grid lines of the image of the table of the form
with the grid lines of the image of the table of the form
template, to facilitate matching the image of the form with
the image of the form template, etc.

As discussed above, a process for automatically extract-
ing, recognizing, and storing data entered by a user in a field
of a selected form can include matching the selected form
with a form template of a library of form templates. If the
image of the selected form matches an image of a particular
form template, the selected form can be identified as an
instance of the particular form template. Once the image of
the selected form is matched to the image of the particular
form template, the pre-identified fields of the particular form
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template can be used to extract data from the corresponding
fields of the selected form. In order to match an image of a
form that includes a table with an image of a form template
that includes a table, the image of the table of the form may
need to be aligned with the image of the table of the form
template. Aligning two images of a table can be challenging
for a number of reasons, such as those discussed above.

At block 905, a computer system, such as processing
system 1400 of FIG. 14, receives an image of a form, and
receives an image of a template of the form, the template of
the form also being referred to as the form template. The
images can be received at the same time, or at different
times. The image of the form can be generated by use of any
image acquiring device, such as by taking a photo of the
form, by scanning the form, etc. The form can be a blank
form, can be a filled-out version of the form, etc. The image
of the template of the form, or the form template, can
similarly be generated. Further, the image of the form
template can additionally be generated by use of an appli-
cation program, such as a word processor, a spreadsheet
program, etc. The application program can access an elec-
tronic file in which a representation of the form template is
stored, and can generate the image of the form template,
such as by generating a JPEG (Joint Photographic Expert
Group), TIFF (Tagged Image File Format), GIF (Graphics
Interchange Format), PNG (Portable Network Graphics),
PDF (Portable Graphics Format), etc. The image of the form
template can be received from a variety of sources, such as
from a camera, from a scanner, from an application program,
from a remote computer system, etc.

The form template or the image of the form template can
also be obtained from a library of form templates. For
example, the processes described above can be used to
generate a library of form templates, where locations of all
or some of the fields of each form template are identified and
stored with the library of form templates, such as in digitized
representations of the form templates. An image of a form
can be matched with a form template from the library of
form templates, such as by matching the image of the form
with an image of the form template. A portion of the image
defined by a field of the form, such as a portion of the form
that is within an oversized version of a rectangle that defines
an extent of the field, can be automatically extracted from
the image of the form. Further, text or other graphic repre-
sentations in the portion of the image can be automatically
recognized and electronically stored. This can be repeated
for each of the fields of the form.

However, when a form includes a table, it may be
necessary or may increase compute efficiency to align the
image of the table with an image of a table of a form
template before or as part of determining whether the form
matched with the form template. Aligning two images which
include a table, such as two images of a table, or an image
of a first table and an image of a second table where the first
and second tables are identical or substantially identical, can
be challenging for a number of reasons. For example, the
two images can be at a different scale relative to each other,
as is demonstrated in FIG. 8B where table 8005 is shrunken
with respect to table 800a of FIG. 8a. As another example,
the two images can be at different rotations relative to each
other, as is demonstrated in FIG. 8¢ where table 800c¢ is at
a different rotational orientation than is table 800a. As yet
another example, either or both of the images can be warped
or otherwise disfigured, as is depicted in FI1G. 84. Table 8004
of FIG. 84 is an image of table 800a, where the image is
warped with reference to table 800q. Table 8004 may be
warped because the image was captured by a camera that
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was oriented at an angle relative to table 800a, because the
material on which table 800q is printed was bent when the
image was captured, etc.

At block 910, the computer system generates a thin
feature image of the form. A thin feature image of a form is
an image where wider features of the form have been filtered
out, leaving thinner features of the form, such as grid lines
and text. A thin feature image can further have step edges
filtered out. Step edges are edges formed by a transition
between constant regions. An example of a step edge can be
when a scan or photo of a form extends beyond the edge of
a piece of paper on which the form is printed. The paper side
of'the edge of the paper can be a first color in the image, and
the other side of the edge of the paper can be a second color.
The step edge of this example is the edge formed by the
transition from the first color to the second color. The thin
feature image can be generated by any of various techniques.
For example, a filter algorithm that filters thin features of
images can be executed by the computer system on the
image of the form to create a filtered image of the form that
has thin features filtered out. The filtered image of the form
can be subtracted from the image of the form to generate a
thin feature image of the form. FIG. 10 describes an example
of a technique that can be used to generate a thin feature
image of a form.

At block 915, the computer system straightens grid lines
of a table of the thin feature image to create a rotation
aligned version of the thin feature image. In some embodi-
ments, straightening the grid lines has two aspects, a first
aspect being to orient the grid lines to achieve a desired
orientation with reference to an X or Y axis, and a second
aspect being to linearize the grid lines to cause the grid lines
to run in a straight line. The X axis can run horizontally and
the Y axis vertically with reference to the thin feature image,
or with reference to alignment of pixels of the thin feature
image, and the X and Y axes can be perpendicular. For
example, when pixels of the thin feature image are organized
in rows and columns, the X axis can run parallel to the rows
and the Y axis can run parallel to the columns.

Orienting the grid lines to achieve the desired orientation
with reference to the X or Y axis can involve transforming
the thin feature image to achieve a rotation of the thin feature
image that has the desired orientation, such as by applying
a first transformation to the thin feature image. For example,
when the desired orientation of the grid lines is to be
substantially parallel with or perpendicular to a selected one
of the X or the Y axis, the thin feature image can be
transformed to achieve a rotation of the thin feature image
where the grid lines achieve the desired orientation.

Linearizing the grid lines to cause the grid lines to run in
a straight line can involve removing or reducing bends,
warps, discontinuities, or other non-straight features of the
grid lines, such as by applying a second transformation to
the thin feature image. The computer system can create a
rotation aligned version of the thin feature image by apply-
ing the first transformation and the second transformation, or
by applying any other technique that straightens the grid
lines of the table of the thin feature image. In some embodi-
ments, the first transformation and the second transforma-
tion are a same transformation that transforms the thin
feature image and both orients the grid lines to achieve a
desired orientation with reference to an X or a Y axis, and
linearizes the grid lines. FIG. 11 describes an example of a
technique that can be used to straighten grid lines of a table
of a thin feature image to create a rotation aligned version of
the thin feature image.
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At block 920, the computer system scales and shifts the
rotation aligned version of the thin feature image. When an
image of a form is created, the image can have been created
at a different scale, or at an offset relative to an image of the
form template of which the form is an instance. For example,
the image of the form can have been created by a scanner
with a first resolution, and the image of the form template
can have been created by a camera with a second resolution,
where the first resolution and second resolution are different.
These different resolutions can cause the size of the scanned
image (i.e., the image of the form) and the size of the
photographic image (i.e., the image of the form template) to
differ in the size. For example, a table in the scanned image
can be 1000 by 1000 pixels in size, and the image of the
corresponding table in the photographic image can be 2000
by 2000 pixels in size. In order to facilitate aligning the table
of the form with the table of the form template, one or both
of the scanned image and the photographic image can be
scaled so that both tables are at a same scale. For example,
the scanned image can be scaled from 2000 by 2000 pixels
in size to 1000 by 1000 pixels in size, which causes both the
scanned image and the photographic image to be at a same
scale, which, in this example, is 1000 by 1000 pixels.

Further, when the photo of the form template was taken,
the table can be offset in the photographic image relative to
the scanned image of the form. For example, the scanned
image may have the table centered in the scanned image,
while the photographic image may have the table in a corner
of the photographic image. In order to facilitate aligning the
image of the table of the form with the image of the table of
the form template, one or both of the scanned image and the
photographic image can be offset so that both tables are at
a same location.

For example, the scanned image can have the center of the
table at coordinate (500, 500) of the scanned image, while
the photographic image can have the center of the table at
coordinate (100, 100) of the photographic image. In this
example, the photographic image can be shifted by 400
pixels in both the X and Y directions, so that the center of
the table of the photographic image is shifted from (100,
100) to (500, 500).

With both tables now having a scale of 1000 by 1000
pixels, and with the center of both tables being at (500, 500)
in their respective images, the computer system can generate
a location aligned version of the thin feature image (block
925) by applying the scaling and shifting to the rotation
aligned version of the thin feature image. The location
aligned version of the thin feature image can be represented
in a TIFF, JPEG, etc. format, can be represented by data
stored in memory, etc. In this example, the image of the table
of the rotation aligned version of the thin feature image is
1000 by 1000 pixels in size, and the center of the table is at
(500, 500) of the rotation aligned version of the thin feature
image. The computer system can scale and shift the rotation
aligned version of the thin feature image using any appli-
cable technique. FIG. 12 describes an example of a tech-
nique that can be used to scale and shift the rotation aligned
version of the thin feature image.

At block 930, the computer system refines an alignment
of the location aligned version of the thin feature image.
When refining the alignment, the grid lines of the table of the
location aligned version of the this feature image are more
closely aligned with the grid lines of the image of the form
template. The computer system can apply any appropriate
technique to accomplish the refinement of the alignment.
FIG. 13 describes an example of a technique that can be used
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to refine an alignment of the location aligned version of the
thin feature image with the image of the form template.

With the grid lines of the table of the location aligned
version of the this feature image now being more closely
aligned with the grid lines of the image of the form template,
a determination can be made that the form is an instance of
the form template, and the text in the fields of the table of
the form can be automatically extracted and captured using
processes like those described above.

FIG. 10 is a flow diagram that illustrates a method for
generating a thin feature image of a form, consistent with
various embodiments. Block 910 of FIG. 9 can be accom-
plished using the method of FIG. 10, among other methods.
Atblock 1005, a computer system selects a pixel of an image
of a form, the pixel being referred to as the selected pixel.
At block 1010, the computer system selects multiple neigh-
boring pixels of the selected pixel. A neighboring pixel can
be any pixel that has a pre-defined location relative to the
selected pixel. In an example, a neighboring pixel is a pixel
that abuts the selected pixel horizontally, vertically, or
diagonally. If one envisions a three by three matrix of pixels
with the center pixel being the selected pixel, for this
example the neighboring pixels would the remaining eight
pixels. In another example, a pixel is a neighboring pixel if
it is not the selected pixel, and is within a five by five matrix
of pixels where the center pixel is the selected pixel. In yet
another example, a pixel is a neighboring pixel if it is not the
selected pixel, and is within a one by 5 matrix of pixels
where the center pixel is the selected pixel. When the
selected pixel is near to the edge of the image, such that the
matrix extends beyond the edge of the image, the matrix size
can be reduced so that it does not extend beyond the edge of
the image.

At block 1020, the computer system determines a repre-
sentative pixel. The representative pixel can be determined
in any of various ways, such as based on the neighboring
pixels, based on the neighboring pixels and the selected
pixel, etc. In some embodiments, the representative pixel is
determined based on a selected pixel group that includes the
neighboring pixels and the selected pixel. For example, the
representative pixel can be the median pixel of the selected
pixel group. In this example, the pixels are sorted by value,
and the pixel in the middle of the sorted list of pixels is
identified as the representative pixel. As another example,
the representative pixel can be the average of the pixels of
the selected pixel group. In this example, the values of the
pixels are summed to generate a dividend. The dividend is
divided by a divisor that is set to the number of pixels in the
selected pixel group. The average of the pixel values is the
quotient of the division. The representative pixel can be set
to a value equal to the average of the pixel values.

At block 1025, the computer system replaces the selected
pixel with the representative pixel, such as in a filtered
version of the image. At block 1030, the computer system
makes a decision whether each pixel of the image has been
processed. When one or more pixels of the image have not
been processed, block 1005 is executed again on another
pixel of the image of the form. When all pixels of the image
have been processed, block 1035 is executed next. At this
point, each pixel of the image of block 1005 has been
replaced with a representative pixel in the filtered version of
the image. At block 1035, the computer system generates a
filtered image, such as by storing the filtered version of the
image at a storage device, or by storing data in memory that
represents the filtered image.

At block 1040, the computer system subtracts the filtered
image from the image of the form. To subtract a first image
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from a second image, the value of each pixel of the first
image is subtracted from the value of a corresponding pixel
of the second image. For example, the value of the pixel at
location (0, 0) of the first image (the (0, 0) pixel of the first
image) is subtracted from the value of the (0, 0) pixel of the
second image, the value of the (0, 1) pixel of the first image
is subtracted from the value of the (0, 1) pixel of the second
image. This process is continued until each pixel in the first
image has been subtracted from its corresponding pixel of
the second image.

When the pixel value of the first and second images are
equal or are close in value, the result of the subtracting the
two pixels is a pixel with a zero or very small value.
However, when the value of the pixel of the first image is
zero or very small, such as when a thin feature is filtered out
of'a pixel of the first image, the result of subtracting the pixel
of the first image from the pixel of the second image is a
pixel value that equals or is very close in value to the value
of the pixel of the second image. When two images are
identical or nearly identical, the result of subtracting the two
images is a blank or nearly blank image. When two images
are nearly identical, except that the first image has thin
features filtered out, the image that results from subtracting
the first image from the second image is an image that
includes the thin features that were filtered out of the first
image, but are in the second image. At block 1045, the
computer system generates a thin feature image of the form,
such as by storing the image created as the result of block
1040 to a TIFF, JPEG, etc. image file, or by storing a
representation of the image in a memory of the computer
system.

FIG. 11 is a flow diagram that illustrates a method for
generating a rotation aligned representation of a table of a
form, consistent with various embodiments. Block 915 of
FIG. 9 can be accomplished using the method of FIG. 11,
among other methods. When an image of a form that
includes a table is generated, the image may differ from an
image of a template of the form. For example, the image of
the form may have a different angular orientation than the
image of the form template. This can happen for a variety of
reasons, such as due to the form being rotationally askew
when the form is scanned by the scanner to create the image
of the form, due to a camera that is used to generate the
image of the form not being held at a proper rotational angle
relative to the form, etc. As another example, the image may
be warped or otherwise disfigured with respect to the image
of'the form template or the form template. This can similarly
happen for a variety of reasons, such as due to the paper of
the form being bent or otherwise disfigured when the image
of the form is obtained, due to the image capturing device
being oriented at an angle with reference to the plane of the
form, etc.

Atblock 1105, a computer system identifies sub-blocks of
a thin feature image of a form. In order to accelerate
processing of the thin feature image, the thin feature image
can be conceptually broken into pieces in order to reduce the
run times, memory image size, etc. when processing the thin
feature image, in order to enable parallel processing of the
thin feature image, etc. The sub-blocks can be sized to
achieve a desired run time, to achieve a desired granularity
or sub-block size, to achieve a desired memory image size,
to enable a desired level of parallel processing, or for any of
a number of other reasons. In some embodiments, the
number of sub-blocks identified is one.

As an example of identifying sub-blocks, when a thin
feature image of a form is 1000 by 1000 pixels (with pixel
coordinates ranging from (0, 0) to (999, 999), and the
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desired size of a sub-block is 100,000 pixels, the thin feature
image can be conceptually broken into ten 100 by 1000 pixel
sub-blocks. A first sub-block, which is comprised of the
pixels from coordinate (0, 0) to (99, 999), can be created. A
second sub-block, which is comprised of the pixels from
coordinate (100, 0) to (199, 999), can be created. This
process can continue until a tenth sub-block, which is
comprised of the pixels from coordinate (900,0) to (999,
999), is created. Separate data structures or other represen-
tations of each sub-block, such as JPEG, TIFF, etc. files, can
be created for each sub-block.

At block 1110, the computer system determines a rotation
of grid lies of a sub-block relative to an X axis or a Y axis.
In some embodiments, the computer system determines two
rotations of grid lines, a first relative to an X-axis (e.g., that
corresponds to rotation of horizontal grid lines relative to the
X-axis), and a second relative to a Y-axis (e.g., that corre-
sponds to rotation of vertical grid lines relative to the
Y-axis). The X axis can run horizontally and the Y axis
vertically with reference to the thin feature image, or with
reference to alignment of pixels of the thin feature image,
and the X and Y axes can be perpendicular. It may be
instructive to leverage the example of FIG. 8A. FIG. 8A can
represent a form where a user enters data in table 800a of the
form. Further, a thin feature image of the form of FIG. 8A
can be substantially or nearly identical to the form of FIG.
8A, as the form of 8 A may have only lines and text, which
may not be filtered out in a thin feature image of the form
of FIG. 8A. In a case where the thin feature image of the
form of FIG. 8A is substantially identical to the form of FIG.
8A, an X axis can run parallel to the horizontal grid lines of
table 800q, and a Y axis can run parallel to the vertical grid
lines of table 800qa. In such a case, the grid lines of any
sub-block would have no rotation relative to the X and Y
axes, as the horizontal grid lines run parallel to the X axis,
and the vertical grid lines run parallel to the Y axis.

It may be further instructive to leverage the example of
FIG. 8C. FIG. 8C can similarly represent a thin feature
image. The rows of pixels of the image represented by FIG.
8C can run horizontally with relative to the illustration of
FIG. 8C, and the X axis can similarly run horizontally.
However, the grid lines of table 800¢ of FIG. 8C do not run
parallel to either the X or Y axes of FIG. 8C, but rather run
at an angle with reference to the axes.

The rotation of the grid lines can be determined using any
of various techniques. For example, a Hough transform can
be used to detect the rotation of the grid lines. A Hough
transform can also be used to detect the grid lines. The
sub-block can be Hough transformed with angular samples
relative to the X or Y axes in a pre-determined range, such
as from -20 degrees to +20 degrees relative to the X axis or
the Y axis. The dominant orientations in each sub-block can
be determined by summing the squared Hough-transform
bins for each angular sample and selecting the maximum.
The Hough transform can be calculated by rotating each
sub-block by each orientation, and summing vertically or
horizontally.

A Hough transform is a feature extracting technique used
in image analysis, and can be used to identify lines in an
image. A line can be expressed with two variables. For
example, in the Cartesian coordinate system, a line can be
expressed with parameters (m, 4 ) in the form 4 =mx+ & .
In the Polar coordinate system, a line can be expressed with
parameters (#,0) in the form + =x cos ®+4 , sine where
+ is the distance from the origin to the closest point on the
straight line, and 6 is the angle between the x axis and the
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line connecting the origin with that closest point. Graph
1500 of FIG. 15 includes a demonstrative illustration.

It is therefore possible to associate with each line of the
image a pair (#,0). The (#,0) plane is sometimes referred
to as Hough space for the set of straight lines in two
dimensions.

In general, for each point (x,.y,), the family of lines that
goes through that point can be defined as: # g=x, cos 0+4
sin 0, meaning that each pair (#,,0) represents each line
that passes by (Xo,¥o)- If for a given (X,,y,) the family of
lines that goes through the given point is plotted, a sinusoid
is produced. For instance, for x,=8 and y,=6, graph 1600 of
FIG. 16 is produced (in a plane 6-+):

Only points such that # >0 and 0<0<2x are considered.

The linear Hough transform uses a two-dimensional array,
called an accumulator, to detect the existence of a line
described by r=x cos 0+y sin 0. The dimension of the
accumulator equals the number of unknown parameters,
e.g., two, considering quantized values of r and 6 in the pair
(£,0). For each pixel at (x,y) and its neighborhood, the Hough
transform algorithm can determine if there is enough evi-
dence of a straight line at that pixel. If so, it can calculate the
parameters (r,0) of that line, and then look for the accumu-
lator’s bin that the parameters fall into, and increment the
value of that bin. By finding the bins with the highest values,
such as by looking for local maxima in the accumulator
space, the most likely lines can be extracted, and their
(approximate) geometric definitions determined. One way of
finding these peaks is by applying some form of threshold.
Other techniques can be used as well.

A result of the linear Hough transform can be a two-
dimensional array (matrix) similar to the accumulator—
where one dimension of this matrix is the quantized angle 0
and the other dimension is the quantized distance r. Each
element of the matrix has a value equal to the number of
points or pixels that are positioned on the line represented by
quantized parameters (r,0). So the element with the highest
value indicates the straight line that is most represented in
the input image.

At block 1115, the computer system calculates a first
transformation that aligns the grid lines with the X axis or
the Y axis. In some embodiments, block 115 includes
calculating two alignment transformations, a first alignment
transformation that aligns horizontal lines with the X-axis,
and a second alignment transformation that aligns vertical
lines with the Y-axis. An alignment transformation can be
determined based on any of a number of algorithms.
Examples of some algorithms that can be used for an
alignment transformation can be found at http://leptonica-
.com/rotation.html (an archive of which can be found at
https://web.archive.org/web/20150318192803/http://lep-
tonica.com/rotation.html). The alignment transformation
can be, among others: a rotation by sampling, which chooses
the value of each destination pixel to be that of the source
pixel closest to the location the destination pixel came from
(i.e., before rotation); a rotation by shear, which, depending
on the implementation, is an approximation to rotation by
sampling; or a rotation by area mapping, which computes
the value of each destination pixel from four source pixels
from which it was derived, suitably weighted by the actual
overlap. In some embodiments, an alignment transformation
is a rotational offset of one or more grid lines from an X-axis
or a Y-axis (e.g., horizontal grid lines have a —2% rotational
orientation relative to the X-axis, and vertical grid lines have
a -1.5% rotational orientation relative to the Y-axis). In
some embodiments, for example, when the computer system
calculates a first rotational offset for a vertical line and a
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second rotational offset for a horizontal line, the computer
system can solve for a polynomial warp which maps these
orientations to vertical and horizontal, using a robust error
function to reject outliers. The computer system can apply a
cost function to the detected orientations in each subblock
by taking two points that are collinear in the detected
orientation, and applying the cost function to the difference
in warped y-coordinate for the horizontal orientations and
the difference in warped x-coordinate for the vertical orien-
tations.

At block 1120, the computer system applies the first
transformation to the sub-block, which results in the creation
of'an intermediate version or representation of the sub-block
where the grid lines are substantially aligned with either the
X axis or the Y axis. Grid lines that are aligned with the X
axis run horizontally, and grid lines that are aligned with the
Y axis run vertically.

At block 1125, the computer system calculates a second
transformation that linearizes the grid lines. Grid lines may
need to be linearized when they are warped or otherwise
disfigured with respect to a straight line. As previously
discussed, linearizing a line causes the line to run in a
straight or substantially straight line, and can involve remov-
ing or reducing bends, warps, discontinuities, or other non-
straight features of the line. Any of various algorithms can
be used to linearize a grid line. For example, a warping
model can be used, such as a polynomial warping model of
the form u(x,y)=apX+a,y+a,X 2+axy+a,y 2+ . . .
V(XY )Fbox+b, y+b,xX " 2+byxy+b,y" 2+ . . ., which maps the
input coordinate (X,y) to the output coordinate (u,v).

In some embodiments, based on detection of the grid lines
of the sub-block by the Hough transform, a first grid line is
identified. For a grid line that runs horizontally, the hori-
zontal grid line should ideally be linear, and, when the
horizontal grid line is not linear, it may need to be linearized.
When a horizontal grid line is linear, the left and right end
points of the horizontal grid line, and all the remaining
points of the horizontal grid line, have a same or substan-
tially same y-coordinate. For a grid line that runs vertically,
the vertical grid line should ideally be linear, and, when the
vertical grid line is linear, the top and bottom end points of
the vertical grid line, and all the remaining points of the
vertical grid line, should have a same or substantially same
x-coordinate. Due to warpage or other disfigurement of a
grid line, a grid line may not be linear. For example, some
or even most of the points of a horizontal grid line may not
be at or substantially at a same y-coordinate, or some or even
most of the points of a vertical grid line may not be at or
substantially at a same x-coordinate.

To {facilitate or accomplish linearizing a grid line, a
transformation is calculated that linearizes the points of the
grid line such that, for horizontal grid lines, the points are at
or substantially at a same y-coordinate, and for vertical grid
lines, the points are at or substantially at a same x-coordi-
nate. The grid lines can be transformed using any of various
algorithms. For example, the grid lines can be transformed
based on a warping model, such as the polynomial warping
model previously discussed.

Returning to the first grid line, when the first grid line is
a horizontal line and is not linear, the computer system can
create a reference straight horizontal line that ends at the
x-coordinates of the end points of the first grid line. When
the first grid line is a vertical line and is not linear, the
computer system can create a reference straight vertical line
that ends at the y-coordinates of the end points of the first
grid line. A warping model, such as the previously discussed
polynomial warping model, can be used to linearize the first
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grid line. The warping model can be used to minimize a
difference between a y-coordinate of the first grid line and a
y-coordinate of the reference straight horizontal line when
the first grid line is a horizontal grid line, and can be used
to minimize a difference between an x-coordinate of the first
grid line and an x-coordinate of the reference straight
vertical line when the first grid line is a vertical grid line.
While a standard least squares algorithm could be used, it
has been determined to be sensitive when an outlier is
present. A cost functions which doesn’t penalize large errors
as significantly, such as a robust cost function, can be
utilized.

In some embodiments, for example, when the computer
system calculates a first rotational offset for a vertical line
and a second rotational offset for a horizontal line, the
warping model can be used to linearize two orientations of
lines, such as the vertical and horizontal lines. The warping
model can be a polynomial warp which maps these orien-
tations to vertical and horizontal, using a robust error
function to reject outliers.

An example of a robust cost function is an M-estimator.
Let 1, be the residual of the i datum, the difference between
the i” observation and its fitted value. The standard least-
squares method tries to minimize 3, which can be
unstable if there are outliers present in the data. Outlying
data can give an effect sufficiently strong in the minimization
that the parameters thus estimated are distorted. An M-es-
timator can reduce the effect of outliers by replacing the
squared residuals r,* by another function of the residuals,
yielding

miny” p(r) (-1

where p can be a symmetric, positive function with a
unique minimum at zero, and can be chosen to be less
increasing than square. Instead of solving directly this
problem, it can be implemented as an iterated reweighted
least-squares one. The following is such an example.

Let p=[p,, . . . , p,,]* be the parameter vector to be
estimated. In this example, the M-estimator of p based on the
function p(r,) is the vector p which is the solution of the
following m equations:

ari _ . (11-2)
Zw(r;)a—pi =0,for j=1,... ,m,

where the derivative 1 (x)=dp(x)/dx is called the influence
function.
If a weight function is defined as follows:

I (11-3)
- X

w(x)
then Equation (11-2) becomes

ar; R
Zw(r;)r;—r =0,for j=1,... ,m (1-4)
; dp;

i
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This is the system of equations that can be obtained if the
following iterated reweighted least-squares problem is
solved

minz w(r‘(k*”)r‘-2 (11-5)

i

where the superscript (k) indicates the iteration number.
The weight w(r, %) can be recomputed after each iteration
in order to be used in the next iteration.

The influence function y(x) measures the influence of a
datum on the value of the parameter estimate. For example,
for the least-squares with p(x)=x*/2, the influence function
is P(X)=x, that is, the influence of a datum on the estimate
increases linearly with the size of its error, which confirms
the non-robustness of the least-squares estimate. In some
embodiments, a robust estimator can prevent the influence
of any single observation (datum) from causing a significant
offset. There are several constraints that some embodiments
of a robust M-estimator meets:

The first is to have a bounded influence function.

The second is that the robust estimator be unique. This
implies that the objective function of parameter vector p to
be minimized should have a unique minimum. In some
embodiments, this can require that the individual p-function
is convex in variable p. This can be necessary in these
embodiments because only requiring a p-function to have a
unique minimum may not be sufficient. This can be the case
with maxima when considering mixture distribution; the
sum of unimodal probability distributions can be multi-
modal. The convexity constraint is equivalent to imposing
that

8" p(.)
ap?

is non-negative definite.
The third one is a practical requirement. Whenever

8% pl.)
ap?

is singular, the objective preferably has a gradient,

dp()
T 0.

This can avoid having to search through the complete
parameter space.

Based on the detection of the grid lines of the sub-block
by the Hough transform, grid lines are identified, and a
warping algorithm is applied to the grid lines. In some
embodiments, the algorithm is additionally applied to non-
grid lines.

At block 1130, the computer system applies the second
transformation to the sub-block, or to the intermediate
version or representation of the sub-block that was created
at block 1120, which results in in the creation of a version
or representation of the sub-block where the grid lines are
substantially linear. At block 1135, a determination is made
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whether each of the sub-blocks have been processed. If no,
block 1110 is executed for one of the unprocessed sub-
blocks of the thin feature image. If all the sub-blocks have
been processed, then block 1140 is next executed. At block
1140, the computer system generates a rotation aligned
representation of the thin feature image, such as by storing
the version or representation of the sub-block created at
block 1130 to a TIFF, JPEG, etc. image file, or by storing the
version or representation of the sub-block at a memory of the
computer system. In some embodiments, rather than apply-
ing the transformations of blocks 1120 and 1130 at the
sub-block level, the information determines at blocks 1115
and 1125 are used to determine a global transformation, and
the global transformation is applied to all or a portion of the
thin feature image of the form.

FIG. 12 is a flow diagram that illustrates a method for
scaling and shifting a first image of a form that includes a
table, consistent with various embodiments. Block 920 of
FIG. 9 can be accomplished using the method of FIG. 12,
among other methods. The first image of the form can be the
rotation aligned version of the thin feature image that was
created at block 915 of FIG. 9, and the first image can be
scaled and shifted to align with a second image, such as the
template of the form. At block 1205, a computer system or
a user identify a range of scales over which to scale a first
image, such as from a 50% scale to a 150% scale. With
knowledge of the various ways that images of forms are
created, the user can define maximum and minimum scales
that are likely to happen when images are created, and the
user can identify the range of scales based on these maxi-
mum and minimum scales. As the computer system gathers
data or other statistics as it determines scales of forms, the
computer system can refine the range of scales that are likely
to happen when images are created based on this historic
data or statistics. Based on this historic scale data or statis-
tics, the computer system can identify, or refine, the range of
scales over which to scale a first image.

At block 1210, a computer system or a user identify a
range of X or Y offsets over which to shift a first image. With
knowledge of the various ways that images of forms are
created, the user can define a maximum offset that is likely
to happen when an image of a form is created, and the user
can identify a range of offsets based on this maximum offset.
As the computer gathers data or other statistics at it deter-
mines offsets of forms, the computer system can refine the
range of offsets that are likely to happen when images are
created based on this historic offset data or statistics. Based
on this historic offset data or statistics, the computer system
can identity, or refine, the range of offsets over which to shift
a first image.

At block 1215, the computer system scales the first image
in the X or Y dimension by a scale amount. The computer
system, at blocks 1215 through 1235, iterates though various
scale and shift values in an attempt to determine a scale and
a shift value that optimizes an alignment of the first image
with a second image. In some embodiments, the scaling and
shifting is done separately for the x and y dimensions. For
example, in a first set of iterations at blocks 1215 through
1235, the computer system scales the first image in the X
dimension (block 1215), shifts the scaled first image relative
to the second image (block 1220), and computes an align-
ment score (block 1225). The computer system can, in a
second set of iterations at blocks 1215 through 1235, scale
the first image in the Y dimension (block 1215), shift the
scaled first image relative to the second image (block 1220),
and computes an alignment score (block 1225).
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The range of scales can run, for example, from a mini-
mum scale, such as 80%, to a maximum scale, such as
120%. The range of X or Y offsets can run, for example,
from a first value to a second value. For example, the first
value can be minus 200 pixels in the X and Y dimensions,
and the second value can be plus 200 pixels in the X and Y
dimensions. The computer system can iterate over this
range. For example, the computer system can scale the first
image by 80% (block 1215), and can iterate over various
shifts from (-200, -200) pixels to (200, 200) pixels, such as
in 5 pixel increments (block 1220).

As each iteration reaches block 1225, the computer sys-
tem computes an alignment score. Computing an alignment
score can include, can result, or can be derived from,
calculating a cross-correlation of the scaled shifted first
image with the second image, and the cross-correlation can
be used in a determination of an alignment score. The
cross-correlation can be calculated in any of various ways.
For example, the value of a pixel of the scaled shifted first
image can be multiplied by the value of a pixel of the second
image at a same location when the scaled shifted first image
and the second image are overlaid. When a grid line of the
scaled shifted first image aligns with a grid line of the second
image, a dot product of pixels of the two images will show
a peak where the pixels of the grid lines align. When the two
grid lines do not align, a dot product of pixels of the two
images will show smaller values at the locations of the two
grid lines. As the first image is scaled and shifted, the values
of the dot products can be monitored, and peaks in the dot
products can identify scales or shifts that maximize align-
ment between the grid lines of the shifted scaled first image
and the second image. In another example, the cross-
correlation is calculated at each iteration based on a fast
Fourier transform (FFT).

After each iteration over the range of X or Y offsets, at
block 1230, a determination is made whether the first image
has been shifted over the range of X or Y offsets. If no, block
1220 is executed next at the next X or Y offset. If yes, at
block 1235, a determination is made whether the first image
has been scaled over the range of scales. If no, block 1215
is executed next at the next scale amount. If yes, then block
1240 is executed next. At block 1240, the computer system
determines a scale value and a shift value that optimizes a
cross-correlation of the first image and the second image.
The scale value, which may be a different scale in the X and
Y dimensions, or may be a same value in both dimensions,
stretches or shrinks the first image to cause a table in the first
image to be substantially the same size as a table in the
second image. The shift value, which is an offset of the first
image in the X and Y dimensions, causes a table in the first
image to substantially align with a table in the second image.

The orders of the blocks of FIG. 12, as well as the other
figures, can be varied. For example, in some embodiments,
the shifting of block 1220 occurs before the scaling of block
1214 for each iteration. Further, in some embodiments, the
scaling and shifting are done as one operation.

FIG. 13A is a flow diagram that illustrates a first method
of refining an alignment of an image of a table of a form with
an image of a table of a template of the form, consistent with
various embodiments. Block 930 of FIG. 9 can be accom-
plished using the method of FIG. 13A or 13B, among other
methods. After the thin feature image of the form is location
aligned to the image of the form template, an alignment of
the table of the thin feature image with the table of the image
of the form template can be further refined. As a result of the
thin feature image being location aligned, when the thin
feature image of the form is overlaid over the image of the
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template of the form, the grid lines of the table of the thin
feature image line up pretty well with the grid lines of the
table of the form template image. The two images have been
rotation aligned, have been scaled to a substantially same
scale, have been positionally aligned, and the grid lines have
been straightened. As a result, the grid lines of both tables
align pretty well. Now that the thin feature image has been
location aligned to the form template, the alignment can be
refined based on any of various algorithms, such as a one or
two dimensional non-linear alignment. Further, because of
the achieved close alignment of the two tables, methods of
refining the alignment that are too computationally expen-
sive when the two tables are badly aligned, but are compu-
tationally tolerable when the two tables are well aligned, can
be used.

Atblock 1305, a computer system identifies sub-blocks of
a first image that is aligned with a second image. The first
image can be the location aligned version of the thin feature
image that was generated at block 925 of FIG. 9, and the
second image can be the template of the form that was
received at block 905 of FIG. 9. This block can be substan-
tially similar to block 1105 of FIG. 11, except that the
sub-blocks are determined for the first image.

Atblock 1310, the computer system selects a sub-block of
the first image and a corresponding sub-block of the second
image. The corresponding sub-block of the second image
can be, e.g., a sub-block comprised of a set of pixels that fall
within a boundary of the selected sub-block when the first
image is overlaid over the second image. As another
example, the corresponding sub-block can be a sub-block
comprised of a set of pixels that are at a same location as the
pixels of the sub-block of the first image when the first
image is overlaid over the second image.

At block 1315, the computer system displaces the sub-
block of the first image by a first displacement. In some
embodiments, the first displacement is a displacement in one
dimension, such as a displacement in the X dimension, or a
displacement in the Y dimension (but not a displacement in
both dimensions). In other embodiments, the first displace-
ment is a displacement in two dimensions. For example,
when the first displacement in a displacement in one dimen-
sion, the computer system can displace the sub-block by one
pixel in the positive x direction, or by two pixels in the
negative x direction, etc. For example, when the first dis-
placement in a displacement in two dimensions, the com-
puter system can displace the sub-block by one pixel in the
positive x direction and one pixel in the positive y direction,
or by two pixels in the negative x direction and one pixel in
the positive y direction, or by three pixels in the positive x
direction and zero pixels in the y direction, etc.

At block 1320, the computer system calculates a cross-
correlation between the displaced sub-block and the corre-
sponding sub-block. In some embodiments, a correlation is
a dot product after a mean is subtracted from each signal,
and the cross-correlation is the correlation at each of mul-
tiple displacements. In a first example a grid line of the first
image is one grid thick, and is misaligned with a corre-
sponding grid line of the second image by one pixel. When
the sub-block containing the grid line of the first image is
displaced by one pixel such that the grid line of the first
image and the grid line of the second image align, the dot
product of the two sub-blocks will produce a spike where the
two grid lines align. When the sub-block containing the grid
line of the first image is displaced by two pixels, the two grid
lines will not align, and the cross-correlation of the two
sub-blocks will not produce a spike, as the two grid lines do
not align. The sub-block of the first image can be displaced
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within a predetermined one dimensional or two dimensional
range, and a dot product can be calculated for each displace-
ment.

In some embodiments, a score is calculated for each of
multiple displacements of each sub-block. The computer
system then solves a Markov Random Field (MRF) that
maximizes an alignment of individual blocks and smooth-
ness with respect to the displacement of neighboring blocks.
An OpenGM library, such as the one located at http://
hci.iwr.uni-heidelberg.de/opengm?2/ (an archive copy of
which can be found at https://web.archive.org/web/
20151024082917/http://hci.iwr.uni-heidelberg.de/
opengm?2/) can be leveraged to calculate the MRF. Calcu-
lating a MRF is known to those in the art. For example, see
http://www.cs.cornell.edu/~rdz/Papers/SZSVKATR .pdf (an
archive copy of which is available at https://web.archi-
ve.org/web/20151113020857/http://www.cs.cornell.
edu/~rdz/Paper s/SZSVKATR .pdf).

In a second example, the sub-block of the first image can
be displaced within a predetermined one dimensional or two
dimensional range, and a correlation can be calculated for
each displacement. The negative of the correlation as can be
used as unary terms in a four-connected grid MRF, with a
label for each discrete one or two dimensional displacement.
For pairwise terms between labels, the FEuclidian distance
between corresponding displacement vectors can be used,
raised to a power, such as the power three. The pairwise cost
can weakly penalize many small differences in displace-
ment, and heavily penalize a single large displacement. The
MRF model is similar to those used for stereo matching in
image processing, such as for computer vision. However, in
this application, a search over two dimensional displace-
ments rather than one dimensional displacements can be
done, and the pairwise term is better suited for finding an
everywhere-smooth mapping, rather than the piecewise-
constant or piecewise-smooth labels favored by stereo pri-
ors.

One difference between the method of this figure and with
stereo matching in computer vision is worth noting. In image
processing, a discontinuity can happen when, for example,
a person is in the foreground, and the background is a
building 100 yards behind the person. When processing the
image of the person’s face, for example, a discontinuity
from the edge of the face to the building 100 yards behind
the person is to be expected for computer vision. So a big
difference between two neighboring pixels is to be expected
and is fine. However, for the method of this figure, a big
difference is worse than a small difference. This is because
the grid lines have already been fairly closely aligned, so
there should be no major displacements. This goes to the
reason for the particular pairwise cost that is used in the
method of this figure, and why the pairwise cost weakly
penalizes many small differences in displacement, and heav-
ily penalizes a single large displacement.

The MRF can be solved with the OpenGM library dis-
cussed above, using the AlphaExpansionFusion solver, giv-
ing a displacement for each sub-block. The displacement
field can be upsampled to the full resolution of the template
using Bicubic interpolation. See https://en.wikipedia.org/
wiki/Bicubic_interpolation (an archive copy of which is
available at https://web.archive.org/web/20150925180553/
https://en.wikipedia.org/wiki/Bicubic_interpolation).

At block 1325, the computer system refines an alignment
of the first image with the second image based on the
calculated cross-correlation. As discussed at block 1320, the
sub-block of the first image can be displaced within a
predetermined one dimensional or two dimensional range,
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and a cross-correlation can be calculated for each displace-
ment. When calculating the cross-correlation involves cal-
culating a dot product, as in the first example of block 1320,
a spike or maximum in the dot product can indicate that the
particular displacement of that calculation improves an
alignment of a grid line in the first image and a grid line in
the second image. The first image, or a portion of pixels of
the first image, can be displaced by the particular displace-
ment amount, or an amount determined based on the par-
ticular displacement amount, in order to refine the alignment
of the first image and the second image. The portion of the
pixels of the first image can be the pixels of the sub-block
of the first image.

When calculating a cross-correlation involves calculating
a MREF, as in the second example of block 1320, a measure
of cross-correlation can be based on the solutions to the
MRFs at the various displacements of the sub-block of the
first image. The values of the solutions to the MRFs can
indicate an improved alignment of a grid line of the first
image and a grid line of the second image. Just as above, the
first image, or a portion of pixels of the first image, can be
displaced by the particular displacement amount, or an
amount determined based on the particular displacement
amount, in order to refine the alignment of the first image
and the second image. For example, when the cross-corre-
lation indicates an improved or optimal alignment between
the sub-block of the first image and the corresponding
sub-block of the second image, the first image or the portion
of the first image can be displaced by the particular dis-
placement amount in order to refine the alignment of the two
images.

At block 1330, a determination is made whether each of
the sub-blocks have been processed. If no, block 1310 is
executed for one of the unprocessed sub-blocks of the first
image. If all the sub-blocks have been processed, then block
1335 is next executed. At block 1335, the computer system
generates a refined alignment representation of the first
image, such as by storing the refined alignment representa-
tion to a TIFF, JPEG, etc. image file, or by storing the refined
alignment representation at a memory of the computer
system.

In some embodiments, the method of FIG. 13 is repeated
multiple times, each time with a different algorithm. For
example, the method of FIG. 13 can be executed a first time
based on a one dimensional displacement of sub-blocks.
After this initial refinement is achieved, the method of FIG.
13 can be executed a second time based on a two dimen-
sional displacement of sub-blocks. This can be useful, as the
initial one dimensional refinement is less compute intensive
than the second two dimensional refinement, and starting the
two dimensional refinement with the refined alignment
result of the one dimensional alignment reduces the com-
putational expense of running the more computationally
expensive two dimensional displacement.

FIG. 13B is a flow diagram that illustrates a second
method of refining an alignment of an image of a table of a
form with an image of a table of a template of the form,
consistent with various embodiments. Blocks 1355-1360
are, respectively, similar to blocks 1305-1310. At block
1365, the computer system displaces the sub-block of the
first image by multiple displacements. The displacements
can be, e.g., all possible displacements over a displacement
range with each displacement limited by a minimum step-
ping size, a subset of the possible displacements over the
range (e.g., multiples of five times the stepping size, mul-
tiples of ten times the stepping size, etc.). At block 1370, the
computer system calculates a correlation of the sub-block at
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each displacement. At block 1375, a determination is made
whether each of the sub-blocks of the first image has been
processed. If no, block 1360 is executed for one of the
unprocessed sub-blocks of the first image.

At block 1380, the computer system generates a cross-
correlation based on the correlation of block 1370. The
cross-correlation can be based on correlations of a subset of
all the blocks processed at block 1370, and the subset can be
any or all of the blocks processed at block 1370. At block
1385, the computer system optimizes an MRF based on the
correlations, such as based on the cross-correlation of block
1380, a subset of the correlations of block 1370, etc. The
MRF can be based on the sum of a subset of the correlations
of'block 1370. For example, the MRF can measure the sums
of'the subset of the correlations of block 1370. The MRF can
also, or instead, be based on the cross-correlation of block
1380. The MRF can further be based on smoothness of
displacements of neighboring patches. At block 1390, the
computer system up-samples the per-sub-block displace-
ment field and per-pixel displacement field to warp the
image of the table.

FIG. 14 is a high-level block diagram showing an
example of a processing device 1400 that can represent a
system to run any of the methods/algorithms described
above, consistent with various embodiments. A system may
include two or more processing devices such as represented
in FIG. 14, which may be coupled to each other via a
network or multiple networks. A network can be referred to
as a communication network.

In the illustrated embodiment, the processing device 1400
includes one or more processors 1410, memory 1411, a
communication device 1412, and one or more input/output
(I/0) devices 1413, all coupled to each other through an
interconnect 1414. The interconnect 1414 may be or include
one or more conductive traces, buses, point-to-point con-
nections, controllers, adapters and/or other conventional
connection devices. Each processor 1410 may be or include,
for example, one or more general-purpose programmable
microprocessors or microprocessor cores, microcontrollers,
application specific integrated circuits (ASICs), program-
mable gate arrays, or the like, or a combination of such
devices. The processor(s) 1410 control the overall operation
of the processing device 1400. Memory 1411 may be or
include one or more physical storage devices, which may be
in the form of random access memory (RAM), read-only
memory (ROM) (which may be erasable and program-
mable), flash memory, miniature hard disk drive, or other
suitable type of storage device, or a combination of such
devices. Memory 1411 may store data and instructions that
configure the processor(s) 1410 to execute operations in
accordance with the techniques described above. The com-
munication device 1412 may be or include, for example, an
Ethernet adapter, cable modem, Wi-Fi adapter, cellular
transceiver, Bluetooth transceiver, or the like, or a combi-
nation thereof. Depending on the specific nature and purpose
of the processing device 1400, the /O devices 1413 can
include devices such as a display (which may be a touch
screen display), audio speaker, keyboard, mouse or other
pointing device, microphone, camera, etc.

Unless contrary to physical possibility, it is envisioned
that (i) the methods/steps described above may be performed
in any sequence and/or in any combination, and that (ii) the
components of respective embodiments may be combined in
any mannet.

The techniques introduced above can be implemented by
programmable circuitry programmed/configured by soft-
ware and/or firmware, or entirely by special-purpose cir-
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cuitry, or by a combination of such forms. Such special-
purpose circuitry (if any) can be in the form of, for example,
one or more application-specific integrated circuits (ASICs),
programmable logic devices (PLDs), field-programmable
gate arrays (FPGAs), etc.

Software or firmware to implement the techniques intro-
duced here may be stored on a machine-readable storage
medium and may be executed by one or more general-
purpose or special-purpose programmable microprocessors.
A “machine-readable medium”, as the term is used herein,
includes any mechanism that can store information in a form
accessible by a machine (a machine may be, for example, a
computer, network device, cellular phone, personal digital
assistant (PDA), manufacturing tool, any device with one or
more processors, etc.). For example, a machine-accessible
medium includes recordable/non-recordable media (e.g.,
read-only memory (ROM); random access memory (RAM);
magnetic disk storage media; optical storage media; flash
memory devices; etc.), etc.

Note that any and all of the embodiments described above
can be combined with each other, except to the extent that
it may be stated otherwise above or to the extent that any
such embodiments might be mutually exclusive in function
and/or structure.

Although the present invention has been described with
reference to specific exemplary embodiments, it will be
recognized that the invention is not limited to the embodi-
ments described, but can be practiced with modification and
alteration within the spirit and scope of the appended claims.
Accordingly, the specification and drawings are to be
regarded in an illustrative sense rather than a restrictive
sense.

The invention claimed is:

1. A method for aligning grid lines of an image of a table
of a filled-out paper form with grid lines of an image of a
table of a template of the filled-out paper form, the method
comprising:

generating, by a computer system, a thin feature image of

a filled-out paper form by:

applying a median filter to an image of a filled-out
paper form to generate a filtered image,

wherein the median filter is configured to eliminate
image features below a pre-defined thickness,
wherein the pre-defined thickness is based on a
thickness of a target grid line;

subtracting the filtered image of the filled-out paper
form from the image of the filled-out paper form to
generate the thin feature image,

wherein the thin feature image includes grid lines of a
table of the filled-out paper form;

straightening, by the computer system, the grid lines of

the table by:
aligning the grid lines of the table with an X axis or a
Y axis, the X axis being a horizontal axis and the Y
axis being a vertical axis, by:
for each sub-block of a plurality of sub-blocks of the
thin feature image:
calculating a plurality of Hough transforms for said
each sub-block, each of the plurality of Hough
transforms being calculated based on a different
rotation of said each sub-block relative to the X
axis or the Y axis,
determining a dominant rotation relative to the X
axis or the Y axis for said each sub-block based on
the plurality of Hough transforms,
calculating a transformation for said each sub-block
based on the dominant rotation, wherein the trans-
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formation aligns lines in said each sub-block with
the X axis or the Y axis, and
applying the transformation to generate a rotation
aligned version of said each sub-block, and
generating the rotation aligned version of the thin
feature image based on the rotation aligned versions
of the plurality of sub-blocks; and
scaling and shifting, by the computer system, the rotation
aligned version of the thin feature image by:
determining a scale translation and a shift translation
that maximizes a correlation between the grid lines
of the table of the rotation aligned version of the thin
feature image, and template grid lines of an image of
a template table of a form template, and
applying the scale translation and the shift translation to
the rotation aligned version of the thin feature image
to generate a location aligned version of the thin
feature image,
wherein an alignment of the grid lines of the table of the
location aligned version of the thin feature image
with the template grid lines of the image of the
template table facilitates a determination that the
table and the template table are aligned.
2. The method of claim 1, further comprising:
performing a one dimensional refinement of the alignment
by:
for each pixel of the location aligned version of the thin
feature image:
displacing said each pixel by a first displacement in
either a first direction that is parallel with the X
axis or a second direction that is parallel with the
Y axis, the displacing of the pixel being to a
displaced location,
selecting a pixel of the form template that is at a
same position as the displaced location,
selecting a first value associated with said each pixel,
selecting a second value associated with the pixel of
the form template,
calculating a third value by performing a mathemati-
cal operation that includes the first value and the
second value, and
refining the alignment based on the third value.
3. The method of claim 1, further comprising:
performing a two dimensional refinement of the align-
ment by:
for each pixel of the location aligned version of the thin
feature image:
displacing said each pixel by a first displacement in
a first direction that is parallel with the X axis, and
a second displacement in a second direction that is
parallel with the Y axis, the displacing of the pixel
being to a displaced location
selecting a pixel of the form template that is at a
same position as the displaced location,
selecting a first value associated with said each pixel,
selecting a second value associated with the pixel of
the form template,
calculating a third value by performing a mathemati-
cal operation that includes the first value and the
second value, and
refining the alignment based on the third value.
4. The method of claim 1,
wherein the calculating the plurality of Hough transforms
for said each sub-block includes calculating a squared
Hough transform bin for each of the plurality of Hough
transforms, and
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wherein the dominant rotation is determined based on a
summing of the squared Hough transform bin for said
each of the plurality of Hough transforms.

5. The method of claim 1, wherein the straightening the
grid lines of the table further includes calculating and 5
applying a second transformation that linearizes the grid
lines of the table.
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